judging our health service on the efficiency of its automation but they will still be judging us on the kindliness and humanity of those who attend them when they are sick. Man has the power to destroy human life or make it a finer thing than it has ever been before. This is why the future will be exciting and clinical chemistry will have no small part to play in man's development.
Operation of a 24-bour Laboratory Service for Cardia-Respiratory Assessment J. F. NUNN
DEPARTMENT OF ANAESTHESIA, UNIVERSITY OF LEEDS
The service is concerned with the detection and elucidation of acute circulatory and respiratory malfunction. Only in special circumstances are we concerned with the diagnosis of chronic conditions, and we would not overlap the scope of a Pulmonary Function Testing Unit, or the units which specialise in the diagnosis of congenital and other circulatory disorders. We thus function alongside Pulmonary Function and Cardiac Catheterisation Laboratories, sharing many analytical techniques, but seeing a different type of patient.
Clinical Material. In Leeds, we are asked to investigate about 300 patients per year. Of these, half are in the Intensive Care Unit, a third in the process of surgical intervention and one sixth referred from medical wards. The great majority have respiratory inadequacy, but defects of arterial oxygenation are very much commoner than elevation of Pcoj, Quantification of the degree of arterial hypoxemia and elucidation of its cause is the commonest problem which we are set.
Many patients with acute circulatory inadequacy can be managed with measurement of arterial and central venous blood pressure and are not referred to us. However, in a small number of patients, measurement of cardiac output is valuable and may be related to the oxygen consumption and the mixed venous oxygen content.
Range of information which may be obtained and techniques. The following measurements on arterial blood are routine:-Po. and/or 80 2 Pco. pH Hsemoglobin and/or hematocrit Base excess and/or standard bicarbonate.
If the patient is breathing an oxygen enriched gas mixture, it is difficult to interpret the arterial Po. without knowing the oxygen concentration of the inspired gas. If this is not known, we like to receive a gas sample for analysis.
The next stage of complexity is to analyse mixed expired gas collected at the same time as arterial blood, and to measure the minute volume of respiration. In addition to the simple measurements on arterial blood listed above, it is now possible to calculate the following quantities:oxygen uptake carbon dioxide output respiratory exchange ratio physiological dead space the alveolar-arterial Po. gradient a rough estimate of pulmonary venous admixture.
The fourth stage of complexity is to combine the measurements listed above, with measurement of cardiac output. This also permits precise calculation of the pulmonary venous admixture.
Finally, in patients with abnormal hemoglobins, we have found it useful to measure oxygen capacity of the blood. Measurement of lactic and pyruvic acid may be useful in patients found to have metabolic acidosis.
Analytical Techniques. In order to maintain a 24-hour service it is essential to employ reasonably simple techniques and, where necessary, to maintain duplicate apparatus.
Arterial Po. is measured by polarography, and saturation by reflectance oximetry. pH, Pco, and base excess (or standard bicarbonate) are determined by the interpolation technique using a micro-tonometer system.
A Pcoj-sensitive electrode is available but seldom used.
For the analysis of oxygen in gas mixtures we rely entirely upon a paramagnetic analyser with an accuracy comparable to that' of the Haldane analyser. CO. concentrations are determined with a Lloyd-Haldane apparatus or with an infra-red gas analyser.
Cardiac output is usually measured by dye dilution but sometimes we perform float catheterisation of the right ventricle and derive cardiac output by direct Fick from the oxygen content of the mixed venous blood. Oxygen content is determined by measurement of the POI! of blood diluted with a saporin ferricyanide solution.
Calibration and quality control. Much the biggest problems are in calibration and quality control. Every technique we use has numerous pitfalls and little-known sources of error. Maintenance drills have been established for most techniques but it is necessary for graduate staff to carry out continual blanks, calibrations and cross checks (e.g. between oxygen saturation, hremoglobin, oxygen content and POI! of blood).
Errors due to time and temperature. Blood is a living tissue and measurable changes in POI!, pH and Pco I! occur within a few minutes of sampling. The time interval between sampling and analysis is noted and correction factors applied. For delays of more than a few minutes, blood samples are iced.
When the patient's temperature differs from that of the electrodes, there may be substantial errors in the estimate of blood POI!, pH and PCOI!' Nomograms are available for correction.
The time factor. In cases of hypoxemia, it may be important to report within minutes and also to indicate, as quickly as possible, changes caused by oxygen therapy. Our laboratory is centrally situated and, in addition, we employ a syringe transporter and an intercom. This permits a verbal report within 90 seconds and a written report form to be pasted in the patient's notes within 3-!-minutes of sampling blood.
Personnel. In our Department, five laboratory technicians have been trained to carry out all analyses on blood and gas samples. They man the laboratory between 9.0 a.m, and 5.0 p.m. and graduate staff are available when handling of a patient is required (e.g. arterial puncture, expired gas collection, right heart catheterisation etc.). Outside office hours, both technicians and graduate staff are available on call. However, many registrars have been taught to carry out the simpler analyses and this is valuable when time does not permit a technician to be called.
The Future. These investigations are carried out in a University Department of Anresthesia primarily because of personal enthusiasms and expertise but also because a high proportion of the clinical material is referred by anesthetists, from the operating theatres and from the Intensive Care Unit. It would seem logical that, in the future, such work should fall within the scope of Departments of Chemical Pathology but problems arise in connection with the collection of blood samples and the measurement of cardiac output, which are frequently essential to the understanding of disorders of arterial oxygenation.
Lysosomes and Cellular Pathology
A. C. ALLISON
NATIONAL INSTITUTE FOR MEDICAL REsEARCH, MILL HILL, LoNDON
One ofthe major objectives of medical research today is analysis of pathological processes at the sub-cellular level. This means identifying which constituents of cells are primarily involved and the biochemical basis of the disturbed functions. We now have a great deal of information about certain normal processes, e.g, oxidative phosphorylation in mitochondria or protein synthesis by ribosomes, but we know remarkably little about most pathological processes at this level.
In this context lysosomes are particularly interesting because they contain a group of hydrolytic enzymes (acid protease, DNAase, RNAase, phosphatase,~-glucuronidase, arylsulphatase, etc.) that can break down all the major constituents of living things. Hence any agency which can bring about intercellular or intracellular release of lysosomal enzymes is likely to damage cells or matrix. Moreover, a wide range of substances taken up by cells fairly quickly become associated with lysosomes. If these substances are toxic, one of the earliest biochemical changes is lysosomal damage.
The most obvious example of lysosomal function-present alike in amcebe and human phagocytic cells-is in digestion of bacteria or other particles in cytoplasmic vacuoles. There are interesting differences between cells, as Cohn (1963) and others have shown. Thus, labelled bacteria are broken down rapidly and completely in polymorphonuclear leucocytes, whereas in macrophages an appreciable proportion remains in high molecular weight, immunogenic form. Evidence is accumulating that this 'processing' of antigen by macrophages is important in the immune response.
